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http:WHAT THIS PAPER ADDS
The dangers of radiation exposure while performing endovascular operations are not well recognised by vascular
interventionists. The present study assesses the radiation dosage received by the operating team during
endovascular aortic procedures and demonstrates that particular behaviours increase this dose considerably. A
greater awareness of these behaviours would help to reduce the amount of radiation to which patients and
members of the operating team are exposed.Objectives: To measure the radiation exposure of the operating team during endovascular aortic procedures, and
to determine factors that predict high exposures.
Materials and methods: Electronic dosimeters placed over and under protective lead garments, were used to
prospectively record radiation exposure during endovascular aortic repairs performed in a designated
interventional radiology suite. Univariate and multivariate linear regression analyses of predictors of radiation
exposure were performed.
Results: A total of 26 infra-renal and 10 thoracic endovascular cases were studied. Median (IQR) patient age and
body mass index were 76.0 (70.0e81.8) years and 26.2 (23.9e28.9) kg/m2 respectively. Over-lead exposure to
the operator was higher for thoracic than for infra-renal procedures (421.0 [233.8e597.8] mSv vs. 52.5 [27.8e
179.8] mSv, p ¼ .0003), reﬂecting a signiﬁcant exposure to unprotected parts of the body. Under-lead exposures
for operator and assistant were 5.5 (2.0e14.2) mSv and 1.0 (0.0e2.3) mSv respectively, which for an average
caseload would comply with total body effective dose limits. Type of case and percentage of digital subtraction
angiography (DSA) time in left anterior oblique angulations predicted dose to the operator (p < .0001).
Conclusions: Thoracic procedures, DSA runs and obliquity of the C-arm are strong predictors of radiation
exposure during endovascular aortic repairs. Understanding scatter radiation dynamics and instigating measures
to minimise radiation exposure should be mandatory.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Endovascular interventions have become an established
option for repair of aortic pathologies, and in many in-
stitutions these are used in preference to open surgical
repair.1,2 There is growing concern, however, regarding ra-
diation exposure to both patients and operating staff, given
the increasing numbers of interventions and case
complexity. In recent years there have been a number of
studies that have measured radiation exposure to the pa-
tient during endovascular procedures and follow-up.3e5responding author. B. Modarai, Academic Department of Vascular
, 1st Floor North Wing, St Thomas’ Hospital, Westminster Bridge
ondon SE1 7EH, United Kingdom.
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//dx.doi.org/10.1016/j.ejvs.2013.05.023Despite the increasing caseload for many vascular sur-
geons and interventional radiologists, there are few studies
that have speciﬁcally investigated the radiation exposure to
the operating team. These often report cumulative expo-
sures measured with dosimeter badges over a series of
different cases, and therefore fail to identify case-speciﬁc
parameters that determine high exposure.6,7
In this study, we assess radiation exposure to members of
the operating team during infra-renal endovascular aortic
repairs (IEVARs) and thoracic endovascular aortic repairs
(TEVARs) carried out in an interventional radiology suite.
The primary aims of the study were: (a) to measure radia-
tion exposure to the operating staff and draw comparisons
with recommended dose limits stipulated by the Interna-
tional Commission on Radiological Protection (ICRP) and (b)
to determine the factors that are predictive of high expo-
sure cases.
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A consecutive series of elective endovascular aortic repairs
involving standard, non-custom-designed endografts were
prospectively enrolled in the study over a four month
period (between December 2011 and April 2012). All pro-
cedures were carried out in the same designated inter-
ventional radiology suite by a team consisting of vascular
surgical and interventional radiology specialists.Fluoroscopy equipment
All cases were carried out under ﬂuoroscopy guidance, us-
ing a Siemens AXIOM Artis dTA machine (Siemens Health-
care, Erlangen, Germany). The default positioning of this
machine was with the x-ray source located below the pa-
tient, and the image intensiﬁer above the patient, with x-
rays travelling in the posterior to anterior (PA) direction (0
degrees). The C-arm was mobile around a free-ﬂoating
theatre table (Siemens AXIOM Artis dTA) and was capable
of rotating 90 about the median sagittal plane to achieve
true lateral angulations (‘left and ‘right’ true lateral,
depending on the position of the image intensiﬁer relative
to the patient). Angulations between 0 and 90 are termed
‘anterior oblique’. The monitor screens were located on the
left-hand side of the patient, with the ‘scrubbed’ operating
staff (operator, assistant and theatre nurse) on the patient’s
right-hand side. The operator stood closest to the x-ray
beam, with the assistant to his/her right, and the theatre
nurse to the assistant’s right. The anaesthetist was posi-
tioned at the head end of the theatre table (Fig. 1).
The ﬂuoroscopy equipment was operated using ‘low-dose
mode’ and was controlled by a senior radiographer under
the supervision of the same lead radiographer in each case.
Default settings were a pulse rate of 7.5 pulses/second for
background ﬂuoroscopy, and 2 frames/second for digital
subtraction angiography (DSA) acquisitions. The ‘patient to
image intensiﬁer’ distance was minimised. Field size andFigure 1. Diagram illustrating theatre equipment and positions of
theatre staff.magniﬁcation were maintained according to ‘ALARA’ (As
Low As Reasonably Achievable) principles, and collimation
applied whenever possible. Adjustments to the frame rate
of DSA acquisitions could be made at the request of the
operator if image quality was thought to be poor, and these
alterations were recorded.
Operative details (total operative time, ﬂuoroscopy time,
number and total time of DSA acquisitions), and machine-
estimated patient radiation doses (dose area product and
total skin dose) were recorded for each case.
Dosimetry
Electronic dosimeters (Hitachi-Aloka Medical PDM-127,
Hitachi Aloka Medical Ltd, Tokyo, Japan) were attached to
the operator and primary assistant, at the left breast
pocket, over and under the protective lead garment. One
dosimeter was attached to the anaesthetist over the lead
apron. The electronic dosimeters recorded a visible real-
time measurement of the ‘dose equivalent’ of absorbed
radiation recorded in Sieverts (Sv), calculated as the product
of absorbed dose and a weighting factor appropriate to the
type and energy of radiation (equal to 1.0 for x-rays). The
dosimeters had a minimal detectable level of 1 mSv and
were all calibrated using a slab phantom and an emitter
producing known amounts of radiation. Under-lead read-
ings were used as an estimate of total body ‘effective dose’.
This is a theoretical quantity used by the ICRP as a measure
of the cancer risk to a whole organism from exposure to
ionising radiation, delivered non-uniformly to its different
organs that have varying degrees of radio-sensitivity.8 The
under-lead dosimeter measurement is an estimate of the
radiation absorption by the most radio-sensitive organs that
are protected by the lead apron, and serves as the most
appropriate surrogate of total body effective dose.
The operating staff and anaesthetist were aware of the
dosimetry monitoring but were blinded to the results dur-
ing the study. The dosimeters were not alarmed and
therefore provided no real-time feedback.
Radiation protection
The use of radiation protection equipment was recorded for
each case. Protective equipment available was a suspended
lead drape on the operator’s side of table, an anaesthetic
lead shield, two leaded acrylic ceiling mounted shields,
leaded thyroid collars and leaded goggles. Lead garments
were all 0.35 mm thickness, side-to-side wrap around
aprons, and were worn by all staff in the theatre. An in-
dependent observer (not part of the operating team)
monitored the movement of staff, speciﬁcally recording
whether the operator and assistant ‘stepped away’ from the
operating table by at least 1 metre during each DSA
acquisition.
Statistical analysis
The dosimetry measurements for members of the operating
team were compared with the occupational dose limits
recommended by the ICRP.9 Data were analysed using
Figure 2. (A) Over-lead radiation exposure to the operator is
signiﬁcantly higher than to the assistant and anaesthetist (median,
interquartile range [IQR] and range; p < .0001). (B) Under-lead
radiation exposure to the operator is signiﬁcantly higher than
that of the assistant (median, interquartile range [IQR] and range;
p < .0001).
Figure 3. (A) Over-lead radiation dose to the surgeon was higher in
thoracic cases than in infra-renal cases (median, interquartile
range [IQR] and range; p ¼ .0003). (B) Total digital subtraction
angiography (DSA) time in the left anterior oblique (LAO) angula-
tion is a predictor of radiation exposure to the operator (p < .001;
R2 ¼ .461).
426 A.P. Patel et al.statistical software packages (GraphPad Prism, GraphPad
Software Inc., San Diego, CA, USA, and SPSS-18, SPSS Inc.,
Chicago, IL, USA) in order to carry out non-parametric tests
(Wilcoxon signed rank test and Mann Whitney U test) and
linear regression analyses. A p-value of <.05 was considered
signiﬁcant.
This observational study was registered and carried out
under ethical regulations that govern institutional audits.
RESULTS
Caseload and demographics
A total of 26 elective infra-renal aortic repairs, and 10
elective thoracic aortic repairs (eight thoracic aortic aneu-
rysm repairs and two type B aortic dissection repairs) were
recorded in the study. The median (interquartile range)
patient age was 76.0 (70.0e81.8) years and body mass in-
dex (BMI) was 26.2 (23.9e28.9) kg/m2. The median dose
area product (DAP) was 130.8 (74.8e191.2) Gycm2, ﬂuo-
roscopy time 16.5 (9.2e30.6) minutes and DSA time 56.5
(42.0e71.0) seconds. The mean machine estimated patient
dose from background ﬂuoroscopy was 28 Gycm2, equiva-
lent to 19% of total DAP, with the remaining 81% comingfrom DSA. The primary operator was a vascular surgeon in
34 out of 36 cases (in 28 of these a vascular trainee per-
formed the procedure with senior guidance). An interven-
tional radiology consultant was the primary operator in the
remaining two cases. There were a total of 10 different
primary operators (four vascular consultants, ﬁve vascular
trainees and one interventional radiology consultant).Individual team members’ radiation exposures
The operator was exposed to signiﬁcantly more radiation
over their lead garment, per case, than the assistant and
anaesthetist (65.5 [34.5e295.8] mSv vs. 11.5 [4.0e29.8] mSv
vs. 6.0 [2.3e13.5] mSv; p < .0001, Fig. 2A). This also held
true for under-lead readings when comparing operator and
assistant (5.5 [2.0e14.2] mSv vs. 1.0 [0.0e2.3] mSv;
p < .0001, Fig. 2B). The difference in radiation exposure to
consultants and trainees when acting as the primary oper-
ator, and the difference between their respective theatre
times, were not statistically signiﬁcant (57.0 [42.3e
287.0] mSv vs. 161.0 [36.0e300.0] mSv; p ¼ .6232 and 185.0
[138.8e235.0] vs. 105.0 [90.0e175.0] minutes; p ¼ .0797).
Table 1. Differences in operator exposure, patient dose, DSA time, ﬂuoroscopy time and operating time, between infra-renal and thoracic
aortic repairs (median (IQR); p-values from Mann Whitney tests).
Median (IQR) values: Type of case
Infra-renal Thoracic p
Over-lead operator exposure (mSv) 52.5 (27.8e179.8) 421.0 (233.8e597.8) .0003
Under-lead operator exposure (mSv) 4.0 (1.8e8.0) 20.5 (8.0e34.3) .0012
Patient dose area product (Gycm2) 97.3 (55.4e167.9) 191.1 (137.4e300.6) .0201
Total DSA time (seconds) 50.0 (37.8e63.5) 69.0 (59.0e81.5) .1956
Total DSA time in LAO (seconds) 6.0 (0.0e21.75) 55.0 (36.3e72.8) .0005
Total DSA time in RAO (seconds) 6.0 (0.0e12.75) 0.0 (0.0e30.0) .1522
Total DSA time in AP (seconds) 33.5 (25.0e43.0) 19.0(0.0e37.8) .0686
Average frame rate of DSAs (frames/second) 2.0 (2.0e2.0) 2.0 (2.0e2.3) .9728
Total ﬂuoroscopy time (minutes) 19.5 (14.4e31.5) 9.0 (6.4e23.3) .0163
Total operating time (minutes) 135 (95e180) 87 (74e145) .0216
Bold type indicates p < 0.05. AP ¼ anterior-posterior; DSA ¼ digital subtraction angiography; IQR ¼ interquartile range; LAO ¼ left
anterior oblique; RAO ¼ right anterior oblique.
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All members of the team were exposed to more radiation in
thoracic cases, than in infra-renal cases. The over-lead
reading for the operator in thoracic cases was 421.0
(233.8e597.8) mSv compared with 52.5 (27.8e179.8) mSv in
infra-renal cases (p ¼ .0003, Fig. 3A). Thoracic cases
involved higher patient doses (DAP ¼ 191.1 [137.4e
300.6] Gycm2 vs. 97.3 [55.4e167.9] Gycm2; p ¼ .0201) and
used more DSA in left anterior oblique (deﬁned as greater
than 30 from the median sagittal plane) angulations (55.0
[36.3e72.8] seconds vs. 6.0 [0.0e21.75] seconds;
p ¼ .0005). There were few changes to the frame rate of
DSA acquisitions such that average frame rates in infra-renal
and thoracic cases were not signiﬁcantly different. Despite
having higher staff radiation exposures, thoracic cases had
shorter total ﬂuoroscopy time (9.0 [6.4e23.3] minutes vs.
19.5 [14.4e31.5] minutes; p ¼ .0163) and shorter total
theatre time (87 [78e145] minutes vs. 135 [95e180];
p ¼ .0216; Table 1).Table 2. Results of univariate linear regression analysis.
Variable Median (IQR) R2 p
Total operating
time (minutes)
120 (90e180) .0479 .1992
Total ﬂuoroscopy
time (minutes)
17.1 (10.8e30.6) .0001 .9873
Total DSA time
(seconds)
56.5 (42.0e71.0) .1620 .0150
Total patient
DAP (Gycm2)
130.8 (74.8e191.2) .4099 <.0001
Total DSA time
in AP (seconds)
29.5 (19.8e41.8) .0012 .8435
Total DSA time
in LAO (seconds)
8.5 (0.0e45.5) .4606 <.0001
Total DSA time
in RAO (seconds)
0.0 (0.0e10.0) .1320 .5047
BMI of patient
(kg/m2)
26.2 (23.9e28.9) .0096 .5694
Bold type indicates p < 0.05. AP ¼ anterior-posterior; BMI ¼ body
mass index; DAP ¼ dose area product; DSA ¼ digital subtraction
angiography; LAO ¼ left anterior oblique; RAO ¼ right anterior
oblique.In a univariate linear regression analysis, patient DAP,
total DSA time and DSA time in the left anterior oblique
angulation predicted high over-lead exposures to the
operator (Table 2). Patient BMI, total operating time and
total ﬂuoroscopy time did not predict high exposures. DSA
time in the left anterior oblique angulation remained a
predictor of radiation exposure in a multivariate analysis
(p < .001, Fig. 3B).
Protective equipment
The use of protective equipment is summarised in Table 3.
All cases involved the use of a side lead shield on the op-
erator’s side of the theatre table. Thyroid collars were worn
by the operator and assistant in 94% and 100% of cases
respectively. An anaesthetic lead shield was used by the
anaesthetist in 85% of cases. Use of leaded goggles is not
yet routine in our centre e goggles were worn by the
operator in 36% of cases, and by the assistant in 78% of
cases. ‘Stepping away’ from the table was observed in only
6% of all DSA runs. Ceiling mounted leaded acrylic shields
were available in the interventional radiology suite, but
were not used in any of the cases during this study period.
By analysing the over- and under-lead readings, it can be
deduced that lead aprons attenuated the radiation dose by
an average of 93.2%.
Extrapolation of results
If the mean operator exposures are extrapolated over larger
numbers of cases, the total radiation exposure to theTable 3. Adherence to safety measures over study period.
Safety measure Percentage uptake
Thyroid collar Operator:
94%
Assistant:
100%
Leaded goggles Operator:
36%
Assistant:
78%
Side-table lead shield 100%
Anaesthetic lead shield 85%
‘Stepping away’ during
digital subtraction angiography
6%
Ceiling mounted leaded
acrylic shields
0%
Table 4. Extrapolation of results shows predicted cumulative over-
lead and under-lead radiation exposures to the primary operator
for varying numbers of cases, assuming a similar case mix.
Number of endovascular aortic cases
10 50 100 200
Over-lead
(mSv)
2.02 10.1 20.2 40.3
Under-lead
(mSv)
0.11 0.55 1.09 2.18
428 A.P. Patel et al.surgeon over and under lead can be estimated (Table 4).
These ﬁgures reﬂect an estimate of the yearly dose,
depending on the involvement of the operator, and the
caseload they may experience. This assumes a similar case
mix with no complex repairs (e.g. branched or fenestrated
procedures), and no emergency cases.
DISCUSSION
The damaging effects of ionising radiation can be classiﬁed
as either stochastic or deterministic. The severity of sto-
chastic effects (e.g. radiation induced cancer) are indepen-
dent of absorbed dose, but occur with increasing frequency
as the absorbed dose increases. Deterministic effects (e.g.
lens of eye opacities), on the other hand, occur only above a
threshold dose, with the severity of the effect increasing
with absorbed dose. Deterministic effects are also referred
to as ‘tissue reactions’ because the effects are not deter-
mined solely at the time of radiation, but can be manifest
long after radiation exposure.10
We measured the radiation exposures to different
members of the operating team over a series of 36 endo-
vascular aortic repairs. These measurements must be
interpreted in the context of recommended dose limits,
which are set by the International Commission for Radiation
Protection (ICRP, Table 5).9Table 5. Radiological dose limits for the whole body and partial
body for workers set by the International Commission on
Radiation Protection 2007.
ICRP 2007 dose limits
Whole body effective dosea
Over 5 consecutive years 20 mSv/year
Max. in a single year 50 mSv/year
Partial body exposure
(equivalent doseb)
Lens of eye 20 mSv/yearc
Skin 500 mSv/year
Hands/forearms/feet/ankles 500 mSv/year
a Effective dose represents a measure of cancer risk to the whole
organism, taking into account the type and amount of tissues
exposed to radiation. As the most radiosensitive organisms (within
abdomen and pelvis) are shielded by lead aprons, the under-lead
radiation absorption reading is often used as an estimate for this
measurement.
b Equivalent dose is the radiation absorbed by a ﬁxed mass of
tissue taking into account the damage potential for different types
of ionising radiation. (The radiation weighting factor for x-rays is
1.0.)
c This is the revised ﬁgure from the March 2011 ICRP statement on
tissue reactions (original ﬁgure in ICRP 2007 is 150 mSv/year).If under-lead readings are used as an estimate of total
body effective dose, the estimated total dose received from
50 elective, ‘non-complex’ endovascular aneurysm repairs in
our unit, with an EVAR:TEVAR ratio of 2.6, would be
0.55 mSv. This is well within the yearly limit set by the ICRP
which is 20 mSv/year averaged over 5 years.
If our over-lead readings are used as an estimate for
partial body exposure to unprotected parts of the body
(those not covered by lead garments), then we can predict
that these areas may be exposed to over 10 mSv/year,
based on a caseload of 50 endovascular aneurysm repairs.
A review of anecdotal and experimental evidence of
radiation-induced lens of eye opacities has recently led the
ICRP to release a statement on tissue reactions, revising
previous guidelines provided in 2007.9,11 The threshold
doses for the lens of eye were reduced from 5 Gy to 0.5 Gy,
with a reduction in the occupational lens of eye dose limit
from 150 mSv/year to 20 mSv/year.
Our estimated lens of eye dose over 50 cases is therefore
over 30% of the IRCP’s stated limit which, under UK
guidelines,9 would require for the operator to become a
classiﬁed radiation worker. Moreover, a surgeon (and
particularly an endovascular interventionalist) in training
may be exposed to greater than 50 cases in one year, as
well as many other types of interventional procedures with
high radiation exposures. The potential risks of lens of eye
exposures have been demonstrated with anthropomorphic
phantom experiments simulating a variety of interventional
procedures and conﬁrm our ﬁndings.12
The present study demonstrates that thoracic cases
exposed the patient to larger amounts of radiation than
infra-renal cases and it is not unreasonable to expect that
when the patient dose (DAP) is high, the radiation exposure
to the operating team will also be higher, which was
conﬁrmed following univariate linear regression. There are
other factors that greatly inﬂuence the radiation dose to
which the operating team are exposed. The angulation of
the c-arm of the ﬂuoroscopic equipment has a signiﬁcant
effect on radiation dose to the operator. Stray radiation
comes from two main sources: ‘leaked radiation’ and
‘scatter radiation’.13 A very small quantity of x-rays leak
from the lead-lined x-ray tube, but under clinical conditions
this quantity should be negligible and insigniﬁcant in com-
parison with the scatter radiation. The amount of scatter
radiation depends on the x-ray dose at the patient’s skin.
Scatter is emitted in all directions, but is attenuated as it
passes through the patient’s tissues, such that relatively
little scatter reaches the image intensiﬁer side of the pa-
tient (having passed through the patient’s body) compared
with the ‘back scatter’ on the entrance side. This simplistic
explanation of scatter radiation dynamics can explain the
observation that positioning the x-ray source on the same
side of the patient as the operating staff (i.e. left anterior
oblique angulation) produces greater radiation exposure to
the staff. The greater the angle, approaching a true left
lateral angle, the greater the scatter in the direction of the
staff. This relationship has previously been demonstrated in
phantom model experiments.14 Collimation has also shown
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and how collimation was used during each procedure
proved difﬁcult in the present study. Our radiographers
prompt the operator to use collimation when possible, in
accordance with ALARA principles.
We found DSA to account for most (81%) of the patient
radiation dose (machine-estimated dose area product),
which can be explained by the fact that DSA runs require a
signiﬁcantly higher x-ray dose than background ﬂuoroscopy.
This is despite the fact that we use a relatively modest
frame rate of 2 frames/second. Using DSA imaging as
sparingly as possible, and with as low a frame rate as can be
achieved in order to obtain an acceptable image, will help
to reduce both patient and staff radiation burden, and
potentially the volume of nephrotoxic contrast which is
required.
Cases in which DSA runs were carried out primarily in the
left anterior oblique angulation had higher staff exposures.
One method of reducing this radiation burden, would be to
reduce the number of these angulated runs. However, there
are cases when left lateral oblique angulations are required
to achieve an angle perpendicular to the ostium of an
arterial branch to ensure accurate device placement. In
these instances, radiation exposure can be signiﬁcantly
reduced by stepping away from the table during angiog-
raphy, because of the inverse exponential relationship be-
tween intensity of radiation and the distance from its
source (‘inverse square law’).15 Ideally, the average distance
from the primary x-ray beam (at the height of the patient)
during ﬂuoroscopy and DSA for all staff members would be
incorporated into our multivariate model. We were unable
to accurately record this measurement, although we
observed a relatively static operating team, and noted that
the operator and assistant stepped away from the table
during only 6% of DSA runs in the present study. This is a
reﬂection of poor adherence to a simple protective measure
that, in our opinion, should be mandatory if it does not
compromise patient safety. A lack of awareness of the
relatively high doses involved in angiography as opposed to
background ﬂuoroscopy may be an explanation of this
observation.
State of the art image fusion techniques aim to reduce
procedure time and lower radiation exposure to the oper-
ator and the patient, particularly for complex endovascular
repairs of the aorta.16 Overlay of pre-operative three
dimensional CT images onto intra-operative ﬂuoroscopy
images may negate the need for repeated angiography
during stent deployment and also aid navigation of the
aorta for cannulation of visceral vessels during complex
endovascular repairs. The challenges that remain with im-
age fusion include developing user friendly interfaces and
correcting for the deformation that results from placing stiff
wires into the aorta, which can in turn make overlaid pre-
operative images inaccurate.17
The operator was exposed to signiﬁcantly more radiation
than the assistant. This is likely to reﬂect the position of the
operating team about the patient, with the operator posi-
tioned closest to the x-ray source and image intensiﬁer(Fig. 1). This explanation is strengthened by the fact that
safety equipment and behaviour was not observed to be
different between these two members of the team. It
emphasises the importance of distance from the x-ray
source as a factor determining radiation exposure.
Our standard lead aprons have been shown to achieve
a radiation attenuation of about 92%. A lead drape on the
operator’s side of the table also attenuates the scatter
dose when the x-ray source is positioned under the table.
Anthropomorphic phantom model experiments have
demonstrated that the use of ceiling mounted leaded
acrylic shields attenuate scatter radiation to the upper
body by over 80% if positioned optimally in interventional
cardiology cases that use femoral access.18 Leaded gog-
gles, used in only a third of the procedures we recorded,
attenuate radiation exposure by a factor of 5e10 during
interventional procedures.19 Our study demonstrates the
potential for high exposures to the lens of eye, which
could, over time, be sufﬁcient to induce lens
opaciﬁcation.
It is apparent that the operating teams in our institution
should improve their compliance with radiation safety
measures by, for example, using the ceiling mounted lea-
ded acrylic shields and stepping away from the table
during angiography. A follow up study is planned to
evaluate the changes in radiation exposure after educating
the operators on the protective measures that they should
use. We believe that all centres that perform endovascular
surgery should provide formal, mandatory training in ra-
diation safety so that operators work with minimal harm
to themselves and their colleagues. The following safety
points should be made clear: (a) DSA runs should be kept
to a minimum, (b) stepping away during DSA runs is
essential, (c) obliquity of the C-arm should be avoided as
much as possible, (d) particular consideration should be
given to radiation exposure during thoracic and thoraco-
abdominal aortic procedures, and (e) the use of ceiling
mounted shields and leaded goggles should be mandatory.CONCLUSION
The total body effective radiation dose to operating staff
during endovascular aortic repairs is likely to be within
safety limits, although unprotected parts of the body are
exposed to signiﬁcant scatter radiation. Repeated DSA and
oblique c-arm angulations increase this exposure. It is
essential, therefore, that the vascular interventionalist has
an appreciation of these factors and encourages behaviour
that reduces radiation exposure to minimise exposure to
both the patient and the entire operating team.CONFLICT OF INTEREST
None.FUNDING
None.
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